INTRODUCTION
Coleopterans have global importance in grain storage and industrial food production and can cause damage to the appearance of products as well as weight loss and reduced nutrient levels, rendering products unfit for human consumption 1 . The red flour beetle Tribolium castaneum Herbst Coleoptera: Tenebrionidae is worldwidely distributed and among the most economically important stored product pests 2 . Infestations can also result in elevated temperature and moisture conditions that lead to an accelerated growth of molds, including toxigenic species 3 . Lasioderma serricorne Fabricius Fabricius, Currently, control of stored product insects relies heavily on the use of synthetic insecticides and fumigants, which has led to problems such as disturbance of the environment, increasing application costs, pest resurgence, pest resistance to pesticides and lethal effects on non-target organisms in addition to direct toxicity to the users 7, 8 . Thus, there is a considerable interest in developing natural products which are relatively less damaging to mammalian health and the environment than existing conventional pesticides, and expected to be used as alternatives to nonselective synthetic pesticides to control the pests in the fields of medical and food security. In recent years, the researchers working in different fields have been concentrating their efforts on the search for natural products as alternatives to conventional insecticides and fumigants, as well as the re-evaluation of traditional botanical pest control agents 9, 10 . Essential oils or their constituents may be ideal alternatives. Investigations have confirmed that some plant essential oils not only repel insects, but possess contact and fumigant toxicity against stored product pests as well as exhibited feeding inhibition or harmful effects on the reproductive system of insects 11 . In addition, antibacterial and nematicidal antivities of essential oils have been reported 12 18 .
During the screening program for new agrochemicals from Chinese medicinal herbs and wild plants, the essential oil of Atalantia guillauminii leaves was found to possess strong insecticidal toxicity against the stored product insects 
Extraction of Essential oil
The ground powder of A. guillauminii 2.0 kg was subjected to hydrodistillation using a modified Clevenger-type apparatus for 10 h and extracted with n-hexane. Anhydrous sodium sulphate was used to remove water after extraction. The essential oil was stored in an airtight container in a refrigerator at 4 .
Analysis of Essential Oil
Components of the essential oil of A. guillauminii were separated and identified by using Bruker-320 gas chromatography/mass spectrometry GC/MS and equipped with a flame ionization detector and a capillary column with VF-5 30 m 0.25 mm 0.25 µm . The GC settings were as follows: The initial oven temperature was held at 50 for 4 min and ramped at 10 /min to 290 for 17 min. The injector temperature was maintained at 250 . The samples 1µL, dilute to 1 with hexane were injected neat, with a split ratio of 1:60. The carrier gas was helium at flow rate of 1 mL/min. Spectra were scanned from 45 to 650 m/z at 2 scans/s. Most constituents were identified by gas chromatography by comparison of their retention indices with those of the literature or with those of authentic compounds available in our laboratories. The retention indices were determined in relation to a homologous series of n-alkanes C 8 28 30 . Component relative percentages were calculated based on GC peak areas, without using correction factors.
Contact Toxicity
The contact toxicity of the essential oil against T. castaneum and L. serricorne adults was measured by using topical application as described by Liu and Ho 5 . Serial dilutions of essential oil 10-1.97 v/v for T. castaneum and L. serricorne; five concentrations were prepared in nhexane. Preliminary experiments were conducted to determine appropriate ranges of test concentrations. Aliquots 0.5 µL of the dilutions were applied topically to the dorsal thorax of the insects. Controls were established using nhexane. Both treated and control insects were then transferred to glass vials ten insects per vial with culture media and kept in incubators at 29-30 and 70-80 RH. Mortality of insects was observed daily until end-point mortality was rearched 24 h after treatment. The experiments were repeated three times. While the contact toxicity of the essential oil against L. bostrychophila was also tested as described 5 . A 5.5 cm diameter filter paper was treated with 300 µL of the solution of the essential oil. The filter paper after treated with solid glue was placed in a 5.5 cm diameter petri dish and 10 booklice were put on the filter paper. A cover was put and all the petri dishes were kept in incubators. n-Hexane was used as a negative control. Five concentrations in n-hexane and five replicates of each concentration were used. Mortality of insects was observed after 24 h. The LD 50 values were calculated by using Probit analysis 31 .
Fumigant Toxicity
Serial dilution of the essential oil were prepared in nhexane. Filter papers Whatman Cat. No. 1001020, diameter 2 cm were impregnated with 10 µL of an appropriate concentration 10-1.97 v/v for T. castaneum and L. serricorne; five concentrations of essential oil and each was placed on the underside of the screw cap of a glass vial diameter 2.5 cm, height 5.5 cm, volume 25 mL . Preliminary experiments were conducted to determine appropriate ranges of test concentrations. Fluon was used inside each glass vial to prevent insect contact with the treated filter paper. The solvent was allowed to evaporate for 20 s was before the cap was screwed tightly on each glass vial containing ten insects. Preliminary experiments demonstrated that 20 s was sufficient for solvent evaporation. n-Hexane was used as a control. Five replicates were carried out for all treatments and controls, which were incubated for 24 h. The experiments were repeated three times. While the fumigant activity of the essential oil against L. bostrychophila was tested as described 5 . A filter paper strip 3.5 1.5 cm treated with 10 µL of an appropriate concentration of the test essential oil. The impregnated filter paper was then placed in the bottom cover of a 250 mL volume of glass bottle. Ten unsexed adults of the booklouse in a small glass bottle 8 mL were put into the glass bottle and exposed for 24 h. Five concentrations of the oil were used in the experiments and each concentration with five replicates. n-Hexane was used as a negative control. The LC 50 values were calculated by using Probit analysis 31 .
Repellency Tests
The repellent effects of the essential oil against T. castaneum, L. serricorne and L. bostrychophila were assessed by using assays on petri dishes 32 . Petri dishes 9 cm in diameter were used to confine beetles during the experiment for T. castaneum and L. serricorne. The essential oil of A. guillauminii were prepared in n-hexane 78.63, 15.73, 3.15, 0.63 and 0.13 nL/cm 2 , and absolute n-hexane was used as the control. Filter paper 9 cm in diameter was cut in half and 500 µL of each concentration was applied separately to half of the filter paper as uniformly as possible with a micropipette. The other half control was treated with 500 µL of absolute n-hexane. Both the treated half and the control half were then air-dried to evaporate the solvent completely 30 s . A full disk was carefully remade by attaching the tested half to the negative control half with tape. Each reassembled filter paper after treatment with solid glue was placed in a petri dish with the seam oriented in one of four randomly selected different directions to avoid any insecticidal stimuli affecting the distribution of insects. Twenty insects were released in the center of each filter paper disk, and a cover was placed over the petri dish. Five replicates were used, and the experiment was repeated three times. Counts of the insects present on each strip were made after 2 and 4 h. The percent repellency PR of each volatile oil was then calculated using the formula
Where N c is the number of insects present in the negative control half and N t is the number of insects present in the treated half. The averages were then assigned to different classes 0 to V using the following scale percentage repellency 33 . 
RESULTS AND DISCUSSION

Chemical Constituents of Essential Oil
The essential oil yield of A. guillauminii was 0.15 v/ w and the density of the concentrated essential oil was determined as 0.90 g/mL. The results of GC/MS of A. guillauminii essential oil are presented in Table 1 . 49 components which were accounted for 99.51 of the total oil were identified Total 99.51 a Retention index (RI) as determined on an VF-5 MS column using a homologous series of n-hydrocarbons. b Relative area (peak area relative to the total peak area). c MS = mass spectrum, Co = co-injection with standard compound. 
Fumigant toxicity
The crude essential oil also displayed strong fumigant toxicity against T. castaneum, L. serricorne with LC 50 values of 17.60, 12.06 mg/L air respectively while exhibited weak fumigant toxicity against L. bostrychophila LC 50 16.75 mg/L air Table 2 . Fumigation plays a very important role in insect pest elimination in stored products. The fumigant activity LC 50 of one of the currently used grain fumigants, methyl bromide, against T. castaneum adults is reported to be 1.75 mg/mL air. Compared with methyl bromide, the essential oil of A. guillauminii was 10 times less toxic to T. castaneum adults. Nevertheless, compared with the other essential oils in the literature, the essential oil of A. guillauminii leaves possessed stronger fumigant toxicity against T. castaneum adults, e.g. essential oils of Ostericum sieboldii LC 50 20 .92 mg/mL air 42 , Evodia rutaecarpa LC 50 24 .57 mg/mL air 43 , Artemisia vulgaris LC 50 279.86 µL/L air 44 . Compared with phosphine LC 50 9.23µg/L air , the essential oil of A. guillauminii was 1.3 10 3 times less toxic to L. serricorne adults Table 2 . However the essential oil also showed stronger fumigant toxicity against L. serricorne adults, e.g. the essential oil of Agastache foeniculum LC 50 21 .565 µL/L air 45 . Moreover, considering that the currently used fumigants are synthetic insecticides, the fumigant activity of the essential oil of A. guillauminii is quite promising, showing its potential to be developed as possible natural fumigants for the control of stored product insects. Further studies are needed to assess the fumigant activity of the crude essential oil against other stored product insects at different life stages.
Repellency
In addition to contact and fumigant activities, the repellent effect of the essential oil of A. guillauminii against the three stored product insects was also investigated. The results are presented in Table 3 and 4. This essential oil strongly repelled all species of stored product insects, but the repellent effect was more marked on T. castaneum than on L. serricorne. Data showed that at the tested concentration of 0.63 nL/cm 2 , the crude oil still showed moderate repellency 76 and 60 class IV and class III against the red flour beetle, T. castaneum adults at 2 and 4 h after exposure Table 3 . While no repellency of the positive control, DEET, but some insect attractant properties were observed at 0.63 and 0.13 nL/cm 2 at 4 h after exposure. What s more, at the other assayed concentrations, the essential oil of A. guillauminii exhibited strong repellency class V at 2 and 4 h after exposure Table 3 . Compared with the positive control, DEET, the crude oil of A. guillauminii possessed the same level repellency against the cigarette beetle, L. serricorne at tested concentrations. At the assayed concentration of 78.63 nL/cm 2 , the crude oil was strongly repellent class V at 2 and 4 h after exposure 51) .
the essential oil of A. guillauminii showed lesser repellency against the cigarette beetles 16 , class I at 4 h after exposure Table 3 . At tested concentrations, compared with the positive control, the crude oil of A. guillauminii also showed the same level repellency against the booklice, L. bostrychophila at 2 and 4 h after exposure Table 4 . Moreover, at the assayed concentrations of 31.58, 6.32, 1.26 nL/cm 2 , the oil exhibited strongly repellent class V against the booklice at 2 and 4 h after exposure, while at the lowest tested concentration of 0.05 nL/cm 2 , class II repellency against the booklice still was observed at 2 and 4 h after exposure Table 4 . Many essential oils were evaluated for repellency against insects 46 . In China, the essential oils derived from spice and Chinese medicinal herbs were also evaluated for insecticidal activity and repellency against insects 40, 41, 47 49 . In this article, we report the insecticidal and repellent activities of the essential oil of A. guillauminii for the frist time. Above all, the essential oil of A. guillauminii possessed strong repellency against the three stored product insects. These findings, considered together, suggest that the essential oil of A. guillauminii show potential for development as natural repellents for stored product.
CONCLUSION
Based on mass screening, essential oil of A. guillauminii leaves was examined for their bioactivities against red flour beetles T. castaneum, cigarette beetles L. serricorne and booklice L. bostrychophila. The essential oil possessed strong contact and fumigant toxicity against the three stored product insects. Furthermore, the essential oil also exhibited strongly repellence against the three stored product insects. These findings suggest that the essential oil show potential for development as a natural fumigant and repellent for stored products. a Means in the same column followed by the same letters do not differ significantly (p < 0.05) in ANOVA and Tukey s tests.
PR was subjected to an arcsine square-root transformation before ANOVA and Tukey s tests.
